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OFFMAN, in one of his ob- 
fervations, gives the hiftory of 
a powder called Magnejia Alba> which ■ 
had been long ufed, and efteemed as a 
mild and taftelefs purgative ; but the 
method of preparing it, was not gene- 
rally known before he made it public f. 

A 2 It 

f Hoff. Op. T. 4. p. 479- 
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It was originally obtained from a 
liquor called the Mother of nitre ', which 
is produced in the following manner : 



Salt-petre is feparated from the 

brine which firft affords it, or from 

the water with which it is waflied out 
of nitrous earths, by the procefs com- 

r 

monly ufed in cryftallizing falts. In 
this procefs, the brine is gradually di- 
minifhed, and at length reduced to a 
fmall quantity of an un&ucus bitter 
feline liquor, affording no more fait— 

petre by evaporation, but, if urged 
with a briik fire, drying up into a con- 
fufed mafs, which attra&s water ftrong- 
ly, and becomes fluid again when ex- 
pofed to the open air* 



To this liquor the workmen have 
given the name of the Mother of nitre ; 

and 
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and Hoffman, finding it compofed of 
the magnefia united to an acid, obtain- 
ed a 'reparation of thefe, either by ex- 
pofing the compound to a ftrong fire, 
in which the acid was diffipated, and 

the niagnefia remained behind, or by 

the addition of an alkali, which attraft- 
ed the acid to itfelf : and this laft me- 
thod he recommends as the beft. He 
likewife makes an inquiry into the na- 
ture and virtues of the powder thus 
prepared ; and obferves, that it is an 

abforbent earth, which joins readily 

with all acids, and muft neceffarily de- 
ftroy any acidity it meets in the fto- 

mach ; but that its purgative power 

is uncertain, for fometimes it has not 

the leaft effeft of that kind. As it is 

a lucre infipid earth, he rationally con- 
eludes it to be a purgative only when 

' : con- 
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an acid in the ftomach, and thai 
cffed is therefore proportional to the 
quantity of this acid. 



Although magnefta appears from 

this hiftory of it, to be a very innocent 
medicine ; yet, having obferved that 
fome hypochondriacs, who ufed it fre- 
quently, were fubjecfc to flatulencies 

and fpafms, he feems to have fufpeft- 
ed it of fome noxious quality. The 
circumftances however which gave rife 

to his fufpicion, may very poffibly have 
proceeded from the imprudence of his 

patients ; who, trufting too much to 
magnefia (which , is properly a pallia- 
tive in that difeafe) and neglctting 

the affiftance of other remedies, al- 
lowed their diforder to encreafe upon 

them. 



7 



them. It may, indeed, be alledged* 
that magnefiai as a purgative* is not 
the mod eligible medicine for fuch. 



agree beft 



and 



warm ; which the faline purges, com* 
monly ufed, are not obferved to do# 
But there feems at leaft to be no ob- 
jection to its ufc, when children are 
troubled with an acid in their ftomach t 



this cafe 



proper j and 



means 



fia, than of any other medicine, on 
account of its being entirely infipid. 



. The above-mentioned Author, ob* 
ferving, fome time after, that a bitter 
faline liquor, fimilar to that obtained 

from the brine of falt-petre, was like- 

wife 
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wife produced by the evaporation of 
thofe waters which contain common 
felt, had the curiofity to try if this 
would alfo yield a magnefia. The ex- 
periment fucceeded : And he thus 
found out another procefs for obtain- 
ing this powder ; and at the fame time 

affured himfelf, by experiments, that 

the produft from both was exa&ly the 
fame 



My curiofity led me, fome time ago* 
to inquire more particularly into the 

nature of magnefia^ and efpecially to 
compare its properties with thofe of 
the other abforbent earths, of which 

there plainly appeared to me to be 

veiy different kinds, although com- 
monly confounded together under 



one 



Hoft Op. T. 4. p. 500. 
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one name. I was indeed led to this 
examination of the abforbent earths, 



partly by .the hope of difcovering a 
new fort of lime and lime-water, which 

might poffibly be a taorc powerful fol- 
vent of the ftone, than that commonly 

ufed; but wa$ difappointed in my ex- 
pe&ations. * 



4 

I have had no opportunity of fee- 
ing Hoffman's firft niagnefta^ or the 
liquor from which it is prepared ; and 
have therefore been obliged to make 

my experiments upon the fecond. 



In order to prepare it, 1 at firft 
employed the bitter faline liquor called 
bittern, which remains in the pans af- 
ter the evaporation of -fea- water. But 
as that liquor is not always eafily pro- 

B cured, 



v 
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cuied, I aft«tf ards made ufe of aiak 
called EpfoB; fait* which is! fepiarated 
from the bittern by cryftalTipation, and 
is evidently compofed of magnejia and 

the vitriolic acid. 



The re is likcwife a fpurious, kind 
of Glauber fait, which yields plenty 
oimagnefia^ and feems to be no other 
than Epfom fait, of fea-wa£er reduced 

to cryftak of a larger fize. And com- 
mon fait alfo affords a fcnall quantity 

of this pow,der ; bccaufe, being fepa* 
rated from the bittern by one bafty 
cryftallization only, it neceffarily con- 
tains a portion of that liquor. 



i 
P 



Those who would prepare a magnt* 
fia from Epfom fait, may ufe the fol- 
lowing procefs : . 

Dissolve 



II 



, .Dissolve €qudi|oiiitattcs:of Epfom 
fait, and of peafrl aihris, feparately,, in 

a ftiffieieht quantity of Water jfc purify 
each folution from .its dregs*, and taix 

them accurately together by violent 

agitation. Then. make tiiem juft to 
boil 6ver a brilk fire. 



V 



Ax* now to Ac mixture, three or 

four times its quantity of hot water j 

after a little agitation, allow the magne- 
tiefta to fettle to the bottom, and decant 

off as niuch of, the water as poffible* 

Potir on the fame Entity of cold tta- 

ttr ; and, after fettling, decant it off in 
th6 fame manner. Repeat this wafhing 
with the cold water ten or twelve times* 
or even oftner, if the fnagnejia be re- 
quired pfrfe&ly pure for chemical ex- 



periments 



B % When 
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When it is fufficicntly wafhedy the 

water may be {trained and fqueezed 

from it in a linen cloth ; for very little 
of the magnefia paffes through. 



• j 



The alkali in the mixture, uniting 
with the acid, feparates it from the 



efia ; which, not being of itfelf 




ile in water, muft confequently ap- 
pear immediately under a folid form* 
But the powder which thus appears, 

is not entirely magnejia ; part of it is 

the neutral ialt, formed from the union 

of the acid and alkali. This neutral 
fait is found, upon examination, to 
agree in all refpe&s with vitriolated 
tartar, and requires a large quantity of 
hot water to diflblve it. As much of 
it is therefore diffolved as the water 
can take up; the reft is difperfed 



through 
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through the mixture, in the form of a 
powder. Hence the neceflity of wafh- 

ing the magnefia with fo much trou- 
ble ; for the firft effufion of hot wa- 
ter is intended to diffolve the wh&le 
of the fait, and the fubfequent addi- 
tions of cold water to wafh away this 

folution. 




The caution given, of boiling the 
mixture, is not unneceflary : if it be 

< 

negle&ed, the whole of the magnefia is 
not accurately feparated at once ; and, 

by allowing it to reft for fome time, 

A- 

that powder concretes into minute 

grains, which, when viewed with the 

microfcope, appear to be affemblages 
of needles diverging from a point. 
This happens more efpecially when 

the folution of the Epfom fait, and of 

the 
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the alkali, arc diluted with too much 
water before they are mixed together. 
Thus, if a dram of Epfom lalt, and of 

* 

felt of tartar, be diffolved each in four 
ounces of water* and be mixed, and 
then allowed to reft three or four 
days, the whole of the magnefid will be 
formed into thefe grains. Or, if we 
filtrate the mixture foon after it is 

1 

made, and heat the clear liquor which 
paffcs through, it will become turbid, 

V 

and depofit a magnejia. 



I had the curiofity to fatisfy myfelf 
of the purgative power of magnefta^ and 
of Hoffman's opinion concerning it, by 
the following eafy experiment. I made 
a neutral fait of mague/ta^ and diftilled 

vinegar ; chufing this acid, as being, 
like that in weak ftomachs, the produft 

of fermentatiqp. Six drams of this I 

diffolved 
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diflblved in i water, and gave to a middle- 
aged man, deft ring him to take it by 
degrees. After having taken about a 

third, he defifted, and purged four 
times in an eafy andgentle manner, A,. 
woman of & ftrong conftrtution got th<? 
remainder as a briik purgative, and it 

operated ten times without caufing any 

uneafinefs. The tafte of this fait is hot 



and 



than 



kind. 



Having thu&given a fhort fketch of 
the hiftory and medical virtues of mug* 
nefia^ I now proceed to an account of 
its chemical properties. By my firft 
experiments, I intended to learn what 
fort of neutral falts might be obtained, 
by joining it to each of the vulgar 

acids ; and the refult was as follows. 

Magnesia 



C rf 



Magnesia is quickly diffolved with 
violent effervefcence, or cxplofion of 
air, by the acids of vitriol, nitre, and 
of common fait, and by diftilled vine- 
gar ; the neutral faline liquors thence 



their peculiar 



properties, 



That which is made with the vitrio- 
lic acid, may be condenfcd into cryftals 

fimilar in all refpe&s to Epfom fait. 



That which is made with the ni- 
trous, is of a yellow colour, and yields 

laline cryftals, which retain their form 
in a very dry air, but melt in a moilt 



cne. 



That which is produced by means 
of fpirit of fait, yields no cryftals j and, 

if 






»7 



if evaporated to drynefs, foon melts 
again when expofed to the air. 



4 

That which is obtained from the 

qnion of diftilled vinegar with magnefia % 
affords no cryftals by evaporation, but 
is condenfed into a faline mafe, which, 
while warm, is extremely tough and 

vifcid, very much refembling a ftrong 
glue both in colour and confiftence, 
and becomes brittle when cold. 



By thefe experiments, magnefia ap- 
pears to be a fubftance very different 
from thofe of the calcareous clafs; 
under which I would be underftood 
to comprehend all thofe that are con- 

verted into a perfeft quick-lime in a 

ftrong fire, fuch as lime-ftone, marble, 
chalk, thofe fpars and marles which 

C effervefce 



V 
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^ffervefce with aqua-fortis, all animal 

fliells, and the bodies called lithophyta. 

All of thefe, by being joined with 
acids, yield a fet of compounds which 

arc very different from thofe we 
have juft now defcribed. Thus, if a 

fmall quantity of any calcareous matter 

be reduced to a fine powder, and 

thrown into fpirit of vitriol, it is at- 
tacked by this acid with a briflt effer- 
vefcencc ; but little or no diffolution 

enfues. It abforbs the acid, and re- 
mains united with it, in the form of a 
white powder, at the bottom of the 
veffel, while the liquor has hardly any 

tafte, and fliews only a very light cloud 
upon the addition of an alkali 

The 

* MrMargraafhas lately demonftrated, by 

a fet of curious and accurate experiments, that 

this 
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The fame white powder is alfo 

formed when fpirit of vitriol is adddd 

to a calcareous earth diffolved in any 
other acid ; the vitriolic expelling the 

other acid, and joining itfelf to the 
earth by a ftronger attraction ; and, 

upon this account, the magnejia of fea- 

water feems to be different from either 

i 

of thofe defcribed by Hoffman. He. 
fays exprefcly, that the folutions of 
each of his powders, or, what is equi- 
valent, that the liquors from which 
they are obtained, formed a coagu- 

lum, and depofited a white powder,' 

C i when 

this powder is of the nature, and poffeffes the 
properties, of the gypfeous or felenitic fub- 
ilances. — That fuch fubftances can be refolved 
into vitriolic acid add calcareous earth, and 
can be again compofed by joining thefe two* 

ingredients together, Mem, de 1'AcacL. dc 
Berlin* ana. 1750, p. 144. 
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when he added the vitriolic acid*; 
which experiment I have often tried 
with the marine bittern, but without 

fuccefe. The coagulum thus formed 

in the mother of nitre, may be owing^ 
to a quantity of quick-lime contained 
in it j for quick-lime is ufed in ex- 

trading the falt-petre from its matrix. 

•But it is more difficult to account 

for the difference between Hoffman's 

bittern and ours, unlefs we will be 
fatisfied to refer it to this, that he got 

his from the waters of falt-fprings, 

which may poffibly be different from 

thofe of the fea. 



Magnesia is not lefs remarkably di- 

ftingutfhed from the calcareous earths, 

by 



* Hoff. Op. T. 4. p, 4$o. & 500* . 
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by joining it to the nitrous and vege- 
tabic acids, than to the vitriolic. Thofe 
earths, when combined with fpirit of 

4 

nitre, cannot be reduced to a cryftaU 
line form j and, if they arc diffolved 
in diftilled vinegar, the mixture fpon* 

taneoufly dries up in a fryablc fait* 



Having thus found magnejta to dif- 
fer from the common alkaline earths, 

i 

the objefl: of my next inquiry was its. 
peculiar degree of attra&ion for acids, 

■i 

or what was the place due to it in Mr 

Geoffroy's table of elective attra&ions. 



Three drams of magnefia in finfe 
powder, an ounce of fair-ammoniac, 
and fix ounces of water, were mixed 

together, and digefted fix days in a 

retort joined to a receiver. 

During 
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During the whole time, the neck 

of the retort was pointed a little up-- 
wards, and the moft watery part of the 

vapour, which was condcnfed there, 
fell back into its body* In the begin- 
ning of the experiment, a volatile fa)t 
was therefore collected, in a dry form f 

in the receiver, and afterwards diffol- 
ved into fpirit. 



When all was cool, I found, in the 
retort, a faline liquor, fome undiffolved 
magnefia^ and fome falt-ammoniac cry- 
ftallized. The (aline liquor was fepa- 
rated from the other two, and then 
mixed with the alkaline fpirit. A coa- 
gulum was immediately formed, and a 

magnefia precipitated from the mixture. 



magnefu 



waihed 



dried, 



n 



ighed two fcruples and fif- 



teen grains 



i 

We learn, by the latter part of this 
experiment, that the attraction of the 
volatile alkali for acids is ftronger than 
that of magnefia, fince it feparated this 

powder from the acid to which it was 
joined. But it alfo appears, that a 
gentle heat is capable of overcoming 

this fuperiority of attraction, and of 

gradually elevating the alkali, while 
it leaves the lefs volatile acid with the 

magnefia. 



Dissolve a dram of any calcareous 
fubftance in the acid of nitre or of 
common fait, taking care that the fo- 

m 

lution be rendered perfectly neutral, 
or that no fuperfluous acid be added. 

Mix 
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Mix with this folution, a dram of mag- 



* i 



nefia in fine powder, and digeft it in 
the heat of boiling water about twen- 
ty-four hours j then dilute the mix- 
ture with double its quantity of water, 
and filtrate. The greateft part of the 

earth now left in the filtre is calcareous ; 

and the liquor which paffed through, 
if mixed with a diffolved alkali, yields 

a white powder, the largcft portion of 

which is a true magnefta. 



Trom this experiment it appears, 
that an acid quits a calcareous earth 
to join itfelf to magnefta ; but the ex- 
change . being performed flowly, fome 
of the magnefta is ftill undiffolved, and 
part of the calcareous earth remains 

yet joined to the acidr 

When 
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When a fmall quantity of magnefta 

+ 

is thrown into a folution of the corro- 
five fublimate of mercury, it foon fepa- 

rates part of the mercury, in the form 

of a dark red powder, and is itfelf dif- 
folved. 



Imagining that I perceived fomc 
refemblance between the properties of 
magmfia and thofe of alkalis, I was 
led to try what change this fubftance 
would fuffer from the addition of quick- 
lime, which alters in fuch a peculiar 

manner the alkaline falts. 



Twenty-seven grains of magne/ia 

in fine powder were mixed with eigh- 
teen ounces of lime-water in a flafk, 
which was . corked clofe, and fhaken 

frequently fop four days. During this 

D time, 
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time, I frequently dipped into it little 
bits of paper, which were coloured 
with the juice of violets ; and thefe 
became green as foon as they touch- 
ed the water, until the fourth day, 
when their colour did not feem to be 
altered. The water being now pour- 

ed off, was entirely infipid, and agreed 
in every chemical trial with pure water. 
The powder, alter being perfectly well 

dried, weighed thirty-feven grains. It 

did not drffolve entirely in fpirit of vi- 
triol ; but, aftfer a brifk effervefcence, 

part of it fubfided, in the fame manner 

as the calcareous earths, when mixed 
with this acid. 



When I firft tried this experiment, 
I was at the trouble of digefting the 
mixture in the heat of boiling water, 

and 



\ 
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and did not then know that it would 
fuceeed in the heat of the air* Bpt 

Dr Alfton, who has obliged the world 
with many curious and ufeful difco- 
veries on the fubjeft of quicWime, 
having had occafion to .repeat ir^ I 

learned from him, that heat is not 

4 

neceffary : And he has moreover ad- 
ded an ufeful purpofe^ to which this 

+ 

property of viagnefta may be applied ; 
I mean the fweetening of water at fea, 
with which lime may have been mix- 
ed, to prevent its putrcfa$ion. 



That part of the dried powder 
which does not diffdhre in fpirit of vi- 
'trkrf, confifts of the lime feparated 
from the water. 



C^uick-lime itfelf is aIfo*rendered 

D z mild 
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mild by magnejia^ if thcfe two arc wi 
rubbed together, and infiifed with 

* 

fmall quantity of water* 



By the following experiments, I pro* 
pofed to know, whether this fubftancc 

could be reduced to a quick-lime. 



An ounce of magnefia was expofed 
in a crucible, for about an hour, to 

fuch a heat as is fufficient to melt 
copper. When taken out, it weigh* 
ed three drams and one fcruple, or 
had loft r 7 T of its former weight 



I repeated, with the magnefia pre^ 
pared in this ^manner, mod of thofe 

experiments I had already made upo» 

it before calcination, and the refult 

was as follows 

It 
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I t diffolves in all the acids; and 
with thefe compofcs falts exa&ly fimi* 

lar to thofe defcribed in the firft fet 

of experiments : But, what is particu* 

hrly to be remarked, it is diffolved 

without any the leaft degree of effer- 

vefcence* 



It flowly precipitates the corrofive 

fublimate of mercury, in the form of 
a black powder. 



It feparates the volatile alkali in 
falt-ammoniac from the acid, when it 
is mixed with a warm folution of that 
fait. But it does not feparate an acid 
from a calcareous earth, nor does it 

introduce the leaft change upon lime- 

waten 
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Lastly, when a dram of it is di- 
gefted with an ounce of water in a 
bottle for fotne hours, it does not 

make any the kail change in the wai- 
ter. The magnefia, when dried, is 
found to have gamed ten grains; # but 
it neither effervefces with acids, !H>r 
does it fenfibly affeft lime-water* 



Observing vwgnefia to lofe fuch a 
remarkable proportion of its weight 

in the fire, my next attempts were 

direded to the investigation of this vo- 
latile part ; and, among other expe- 
riments, the following feemedto throw 
fome light upon it 



Three ounces of magnefia were di- 
ftilled in a glafs retort and receiver, the 

fire being gradually increafed until the 

magnefia 
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magnefia was obfcurely red hot. When 

all was cool, I fouijd only five drams 
of a whitifh water in the receiver, which 

i 

\ 

had a faint fmell of the fpirit of harts- 
horn, gave a green colour to the juice 
of violets, and rendered the folutions 

* 

of corrofive fublimate, and of filver, 
very {lightly turbid. But it did not fen* 

fibly effervefce with acids. 



The magnefia, when taken out of 
the retort, weighed an ounce, three 
drams, and thirty grains, or had loft 
more than the half of its weight. It 

flill effervefccd pretty briflcly with acids, 

though not fo ftrongly * as before this 

operation. 



The fire fhouid have been raifed 

here to the degree requifrte for the 

• perfect 
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perfeft calcination of magnefta. But, 
even from this imperfeft experiment, 
it is evident, that, of the volatile parts 
contained in that powder, a fmall pro- 
portion only is water ; the reft cannot, 
it feems, be retained in veffels, under 
a vifible form. Chemifts have often 
obferved, in their diftillations, that part 
of a, body has vanifiied from their fen- 
fes, notwithftanding the utmoft care 

to retain it ; and they have always 
found, upon further inquiry, that fubtilc 
part to be air, which having been im- 

prifoned in the body, under a folid 
form, was fet free, and rendered fluid 
end elaftic by the fire. We may there- 
fore fafely conclude, that the volatile 
matter loft in the calcination of mag- 
tiefia, is moftly air ; and hence the cal- 
cined magnefia does not emit air, or 

make 
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make an effervefcence when inked 

A- 

with acids. 



The water, from its properties, 
feems to contain a JtnaU portion of 

volatile alkali, which was probably 
formed from the earth, air, and water, 
or from fome of thefe combined to- 

4 I * 

gether ; and perhaps alfo from a f mall 
quantity of inflammable matter, which 
adhered accidentally to the magnefia* 
Whenever chymifts meet with this 
fait, they are inclined to afcribe its 
origin to fome animal or putrid ve- 
getable fubftance ; and this they have 
always done, when they obtained it 
from the calcareous earths, all of which 
afford a final! quantity of it. 
is, however, no doubt, that it can 
fometimes be produced independently 

E of 
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can 



of any fucb mixture, firice many frefli 
vegetables, and tartar, afford a conli- 
derable quantity of it. And how 

it, in the prefent inftance, be fuppo- 
fcd, that any animal or vegetable 
matter adhered to the magnefta, while 
it was diffolved by an acid, feparated 
from this by an alkali, and waflied with 
fo much water ? 



Two drams of magnefta were cal- 
cined in a crucible, in the manner de- 
fcribed above, and thus reduced to 

two fcruples and twelve grains. This 
calcined magnefta was diffolved in n 

fufficient quantity of (pint of vitriol, 
and then again feparated from the acid 
by the addition of an alkaH, of which 

a large quantity is neceflary for this 
purpofe. The magnefta being very 

well 
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veil wafted and; dried* weighed one 
dram arid fifty grabs. It effervefced 
violently, or emitted a large quintity 
of air, when thrown into acidsi; form- 
ed a red powder, when mixed with a 

folution of fublimate ; feparat,ed the 
calcareous earths from an acid, and 
fweetened lime- wafer: and had thus 

i 

recovered all thofe properties which it 
had but jufl now loft by calcination. 

Nor ha.d it only recovered its original 
properties, but acquired befides an ad* 

i 

dition of weight, nearly equal to what 
had been loft in the fire ; and as it 
is found to effervefce with acids, part 
of the addition muft certainly be air. 



This air feems to have been fur- 
nifhed by the alkali, from which it wa* 
feparated by the acid ; for Dr Hale* 



E z 



ha* 
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has dearly proved, that alkaline falts 
contain a large quantity of fixed air, 

which they emit in great abundance 
when joined to a pure acid. In the 

prefent cafe, the alkali is really joined 
to an acid, but without any vifible emit 
fion of air : and yet the air is not re* 
tained in it ; for the neutral felt, into 
which it is converted; is the fame in 
quantity, and in every other refpc&i 
as if the acid employed had not been 
prevtoufly feturated with mag/iefta, but 
offered to the alkali in its pure ftate, 
and had driven the air out of it in 
their conflict It feems therefore evi- 
dent, that the air was forced from the 
alkali by the acid, and lodged itfclf in 

+ 

the magnefia. 



These confederations led me to try 



a 
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a few experiments, whereby I might 
know what quantity of air is expelkd 
from an alkali, or from magne/ta 9 by 
acids* 



k 

i 



Two drams of a pure fixed alkalijnc 
fait, and an ounce of water, were put 

i 

into a Florentine flafk, which, together 
with its contents, weighed two ounces 
and two drams. Some oil of vitriol 

diluted with water was dropt in, until 

the fait was exaftly faiurated j which 
it was found to be, when two drams, 
two fcruples, and three grains of this 
acid had been added. The phial with 
its contents now weighed two ounces, 

four drams, and fifteen grains. One 

fcruple, therefore, and eight grains, 
were loft during the ebullition j of 

which a trifling portion may be water* 

or 



<■ i 
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or fomething of the feme land 7 the 
reft is air. 



* » 
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The celebrated Horabcrg has ati 
tempted to eftimate the quantity of fo- 
lid felt contained hi a determined por- 
tion of the fevefal idds. He fet united 

» 

equal quantities of an ilkaili With d&K 
of them ; and, obferving thi height 

which the alkali hid gained, ifter be- 
ing perfeftly dried, wok this 7 for thd 
quantity of folid felt contained in l that 
fliare of the acid which performed tht 
feturation. But we leam from the 

above experiment, that his eftimate 
was not accurate ; becaufe the alkali 
lofes weight, as well as gains it. 



Two drams of magnefia, treated 

% ■ • ■ . * 

cxaSIy as the alkali in the laft experi- 
ment, 
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ment, were juifc <|uTolvcd hy four 

drams, one fchiple? afcd fcwn grains 
of the lame add liquor, and toft one 



** 



fcrupk and fixteen grain* oy ^ebul- 



lition. 



f f ' 



drams of magnefia were 



duced, by the a&ion of a violent fire, 
to two fcruples tod twelve grains, with 

which the feme procefs was repeated 

as in the two laft experiments : Four 

drams, one fcruple, ' and two grains 
of the lame acid, were required to 
to compleat the folution, and no weight 
was loft in the experiment 



v 




As in the reparation of the volatile 
from the fixed parts of bodies, 

w 

I 

means of heat, a fmaH quantity of the 
latter is generally railed with the for- 

* mer; 
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mer; fothe air and water originally,- 

contained in the magnefia f and after-, 
wards diflipated by the fire, feem to 
have carried off a fmall part of the 
fixed earth of this fubftance* This it 

probably the reafon why calcined mag* 

nefia is faturated with .a quantity of 
acid fomewhat lefc than what is re- 
quired 10 diffolve it before calcinations 
and the lame may be affigned as one 
caufe which hinders us from reftormg 
the whole of its original weight by fo-; 
lution and precipitation* 



I took care to dilute the vitriolic- 
acid, in order to avoid the heat and 
ebullition which it would otherwife have 
excited in the water ; and I chofe a 
Florentine flalk, on account of its light- 
fiefs, capacity, and ihape, which is; 

peculiarly 



V 







At 



peculiarly adapted to the experiment : 

for, the vapours railed by the ebulli- 
tion^ circulated for a fliort time thro* 
the wide cavity of the phial j but were 
foon colle&ed upon its fides, like dew, 
and none of them feemed to reach 

r 

the neck, which continued perfe&ly 
dry to the end of the experiment. 



We now perceive the reafon why 
crude and calcined magnefia, which 

differ in many refpefto from one an- 
other, agree however in compofing 

the fame kind of fait, when diffolved 

i 

in any particular acid ; for the crude 
Tiiagnefta feems to differ from the cal^ 
cined chiefly by containing a confi- 
derable quantity of air, which air is 

■■■. 

unavoidably diffipated and loft during 
the diflblution; 

F From 
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From our experiments it feems 
probable, that the increafe 6f weight, 
which fome metals acquire, by being 
firft difiblved in acids, and then fe- 
parated from them again by alkalis j 

proceeds from air furnifhed by the al- 
kalis : and that, in the aurum fulmi- 
nant, which is prepared by the fame 

means, this air adheres to the gold, 
in fuch a peculiar manner, that, in a 

moderate degree of heat, the whole 

r 

of it recovers its elafticity in the lame 

A- 

inftant of rime ; and thus, by the 
violent fliock which it gives to the air 
around, produces the loud crack or 

fulmination of this powder. Thofe 

who will imagine the explofion of 

fuch a minute portion of fixed air, as 

can refide in the aurum fulminant, to 

be inefficient for the exceflive loudr 

nefe 
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nefs of the noife, will confider, that 
it is not a large quantity of motion 
communicated to the air, but rather 
a fmart ftroke, which produces found; 
and that the explofion of but a few 

particles of fixed air, may be capable 
of c^ufing a loud noife, provided they 
all recover their fpring fuddenly, and 

in the fame inftant. 



The above experiments lead us al» 
fo to conclude, that volatile alkalis, and 

the common abforbent earths, which 
lofe their air by being joined to. acids, 

but fliew evident figns of their hav- 
ing recovered it when feparated fr< 
them by alkalis, received it from thefe 

alkalis which loft it in the inftant of" 
their joining with the acid* 

F 2 The 
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The following arc a few experi- 
ments upon three of the abforbent 

earths, made m order to compare them 
with one another, and with magneftcu 



Suspecting that magnejta might 

poffibly be no other than a common 
calcareous earth, which had changed 
its nature by having been previoufly 
combined with an acid, I fkturated a 

fmall quantity of chalk with the mu- 

riatic acid, feparated the acid from k 

again by means of a fixed alkali, and 
carefully wafhed away the whole of 
e fait. 




The chalk, when dried, was not 
found to have fuffered any alteration; 
for it effervefced with the vitriolic acid, 

4 

but did not diffolve in it j and, when 

expofed 



* 
4 
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expofed to a violent fire, was converted 
into a quick-lime, in all refpefts fimilar 
to that obtained from common chalk. 



In another experiment of the feme 
kind, I ufed the vitriolic acid with the 

feme event. 



t 

Any calcareous matter reduced to 
a fine powder, and thrown into a warm 

folurion of allum, immediately raifes a 

brifk effervefcence. But the powder 

is not diffolved ; it is rather increafed 

in bulk : and if the addition be re* 

peated until it is no longer ace 

panied with effervefcence, the liquor 



lofe$ all tafte of the allum, and yields 
only a very light cloud upon the ad- 
mixture of an alkali. 

From 
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From this experiment we learn, 
that acids attract the calcareous earths 
more ftrongly than they do the earth 
of allum ; and as the acid in this fait 
is exattly the lame with the vitriolic, 
it compofes with the calcareous earth 
a neutral fubftance, which is very dif- 
ficultly foluble in water, and therefore 

falls down to the bottom' of the veflbl, 
along with the earth of allum, which 
is deprived of its acid. The light 
cloud formed by the alkali, proceeds 
from the minute portion of the calca- 

+ 

reous compound which faturates the 

water. 



The earth of animal bones, when 

reduced to a fine powder, and thrown 

into a diluted vitriolic acid, gradually 

abfotbs the acid, in the fame manner 

as 



r - 
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as the calcareous earths, but without 
any remarkable effervefcence.* When 
it is added to the nitrous, or to the 
muriatic acid, it is flowly diffolved. 
The compound liquor thence produ- 
ced, is extremely acrid, and ftill chan- 
ges the colour of the juicfc of violets 
to a red, even after it is fully fatu- 
rated with the abforbent. Diftilled 
vinegar has little or no effeft upon this 
earth ; for, after a long digeftion, it 
ftill retains* its four tafte, and gives 
only a light cloud upon the addition 

of an alkali. 



By dropping a diffolved fixed alkali 

into a warm folutioa of allum, I ob- 
tained the earth of this fait ; which, 
after being well wafhed and dried, was 

found to have the following properties: 

It 
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It is diffolved, in every acid, but 
very flowly, uniefs affifted by heat. 

; 

The feveral folutions, when thorough- 
ly fcturate d, are all aftringent, with a 
flight degree of an acid tafte j and they 

* 

alfo agree with a folution of allum, in 
this, that they give a red colour to the 
infufion of turnfol. 



Neither this earth, nor that of 

animal bones, can be converted into 

* 

quick-lime by the ftrongeft fire, nor 
do they fiiffer any change worth no- 
rice* Both? of them feem to attraQ; 
acids but weakly, and to alter their 
properties lefe when united to them, 
than the other abforbents. 



Part ft 



* 4 
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PART II, 




upon 



experiments, an explication of the 

nature of lime offered itfelf, which 

feemed to account, in an eafy manner, 

for moft of the properties of that fub- 

ftance. 



It is fufficiently clear, that the cal- 
careous earths in their native (late, and 
that the alkalis and magnefia in their 
ordinary condition, contain a large 
Quantity of fixed air ; and this air cer- 
tainly adheres to them with confider- 
able force, fince a ftropg fire is necef- 
fary to feparate it from magnefia ; 
and the ftrongeft is not fufficient to 

expel it entirely from fixed alkalis, or 

G take 
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take away their power of effervefcing 
with acid faks. 



These confiderations led me to con- 

A- 

dude, that the relation between fixed 

air and alkaline fubftanees, was fome- 
what fiatfor to the relation between 

thefe and acids : that as the calcareous 
earths and alkalis attraft acids ftrong- 

ly, and can be laturated with them, fo 
they aifo attraft fixed air, and are, in 
their ordinary Hate, laturated with it : 
and, when we mix an acid with an 
alkali, or with an abforbent earth, that 
the air is then fet at liberty, and breaks 
out with violence ; becaufe the alka- 
line body attra&s it more weakly than 

it does the acid, and becaufe the acid 
and air cannot both be joined to the 
lame body at the fame time. 



I 



i 
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I A l s o imagined, tbftt ; whetf the 
calcareous earths' arfe expofed to the 

attion of a violent fire, apd are there^ 

by converted into quick-lime* they fuf. 

fer no other change in their Gompofi? 

tion, than the loflof a fwail quantity 
of water , and of their fixed ait. Tho 
remarkable acrimony which w$ pec- 

ceive in them after this procefs, was 

not fuppofed to proceed from any ad? 

ditional matter received in the fire* 

* i 

but feemed to be an' effential 1 property, 
of the pure earth, depending on an 
attra&ion for thofe feveral fubftahce* 

A\ 4 

which it then became capable of cor- 

4 

roding or diffolving ; which attra&ioa 

had been infenfiblc as long as the, 

air adhered to the earth, but dilcover- 

ed itfelf upon the feparation* 

G z This. 
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This fuppofition was founded upon 
an obfervation of the moft frequent 

confequences of combining bodies in 
chymiftry. Commonly, when we join 
two bodies together, their acrimony 
or attra&ion for other fubftances be- 
comes immediately either lefs perceiv- 
able, or entirely infenfible ; although* 
it was fufficiently ftrong and remark- 
able before their union, and may be 

rendered evident again by disjoining 

them. A neutral fait, which is com- 

pofed of an acid and alkali, does 
not poffefs the acrimony of either of 



its conftituent parts. It can eafily be 
feparated from water, has little or no 

effeft upon metals, is incapable of be- 
ing joined to inflammable bodies, and 
of corroding and diffolving animals and 

vegetables} fo that the attra&ion both 

of 
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t>f the acid and alkali for thefe feveral 

fubftances, fecms to be fufpended till 
they are again feparated from one 
another* 



Crude Kme was therefore confider- 

ed as a peculiar acrid earth, rendered 

mild by its union with fixed air ; and 
quick-lime as the feme earth, in which, 

by having feparated the air, we difco- 
ver that acrimony or attraction for wa- 
ter, for animal, vegetable, and for in- 

flammable fubftances. 



That the calcareous earths really 
lofe a large quantity of air when they 
are burnt to quicklime, feems fuffici- 
ently proved by an experiment of M* 
Margraaf *, an exceedingly accurate 

and 

* Mem. dc TAcad. dcBerlio, am 1748^ $7* 
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and judicious chymift. He fnbje&cd 

right ounces of bfteocolla to diftillatioft 

in an earthen retort, finifhrng his prtt- 

cefs with the mod violent fire of a re- 
verberatory, and caught in the receiver 



wafer 



and properties, (hewed 



(lightly alkaline. He does not tell ift 
the weight of the oftcocolla remaning 
m the retort, and dnly fays that it wa« 
converted into quick-lime ; but, as no 

calcareous earth cap be converted into 

quick -lime, or bear the heat which hi 
applied, without lofing above a third of 

4 

its weight, we may fafely conclude, that 

the lots in his experiment was prppor* 

al, and proceeded chiefly from thq 

diffipation of fixed air. 



According to our theory, the re- 
lation 



J 
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lation of the calcareous earth to air smd 
water, appeared to agree wkhthe re- 
lation of the feme earth to the vitrio- 

lie atad vegetable acids. As chalk, for 
inftance, has a ftronger attra#ion for 
the vitriolic, than for the vegetable 
acid j and is diflblved with more diffi- 
culty when combined with the K firft, 
than when joined to the fecond ; fo 

* At * ■ 

it alfo attrafts air more ftrongly than 

i 4 ■ ¥ y 

water, and is diflblved with more diffi- 

culty when faturated with air, than 
when compounded with water only. 



calcareous 



ftate of quick 



r 

quantity 



water, becomes foluble in that fluid, 
and is then faid to be flaked j but as 



fixed 



it is 



fuppofed 




iuppofcd to quit the water, and join 

itfclf to the air, for which it has a 

fuperior attra&ion, and is therefore re- 
ftored to its firft ftate of mildnefs and 
kifolubUity in water. 



When flaked lime is mixed with 
crater, the fixed air in the water is 
attra&ed by the lime, and faturates a 
fimall portion of it, which then becomes 

again incapable of diflblution ; but part 



of the remaining flaked lime is 

ed, and compofes lime-water. 



If this fluid be expofed to the open 

air, the particles of quick-lime which 
are neareft the furface, gradually at- 
tract the particles of fixed air which 
float in the atmofphere. But, at the 

iame time that a particle of lime is thus 

iaturated 
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faturated with air, it is alio reftored to 
its native ftatc of mildnefs and infolu- 
bility ; and as the whole of this change 
muft happen at the furfece,the whole of 

the lime is fucceflively colle&ed there, 
Under its original form of an infipid 

calcareous earth, called the cream or 

crufts of lime-water* 



When quick-lime itfelf Is expofed 
to the open air, it abforbs the parti- 
cles of water, and of fixed air, which 
come within its fphere of attra&ion. 

As it meets with the firft of thefe in 
greateft plenty, the greatefl part of it 

affumes the form of flaked lime ; the 
reft is reftored to its original ftate : 

and if it be expofed for a fufficient 

length of time, the whole of it is gra- 
dually faturated with air, to which the 

water as gradually yields its place. 

H Ws 
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We have air eady fliewn, by expert* 

ment, that magnefia alba is a com- 
p ound of a peculiar earth and fixed 

air* Wheh this iubftance is mixed 
with lime-water, the lime (hews a 
ftronger attra&ion for fixed air, thati 

that of the earth of magnefiu ; the air 
leaves this powder, to join itfelf to the 

lime. And as neither the lime when 

faturated with air, nor the tnagnejia 

When deprived of it, are foluble in 
water, the lime-water becomes per* 
feftly pure and infipid, the lime which 
it contained being mixed with the mag* 
nefta. But if the mapiefia be deprived 
of air, by calcination, before it is mix* 
cd with the lime-water, this fluid fuf* 

fers no alteration* 



If quick-lime be mixed with a dif* 

foivcd 
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jfolved alkali, it likewife fhews an at- 
traction for fixed air, fuperior to that 
of the alkali. It robs thiji fait of its 
air, and thereby becomes mild itfdf ; 
while the alkali i* consequently ren- 
dered more cqrrofive, or difcovers it; 
natural degree of acrimony, or ftropg 
attra&ion for water, and for bodice 
of the inflammable, and of the animal 
and vegetable kind ; which attraction 

was left perceivable, as long as it was 

faturated with air. And the volatile 
alkali, when deprived of its air, befide* 
this attraction fp? varioui bodies, dif* 
covers likewifc its natural degree of 
volatility, which was formerly fpme^ 
what repreffed, by the air adhering to 

it, in the fame manner as it is repref- 
fed by the addition of an acid. 

H a This 
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This account of lime and alkalis 

recommended itfelf by its fimplicity, 

and by affording an eafy folution of 

many pbemomena; but appeared, upon 

a nearer view, to be attended with 
confequences that were fo very new 
and extraordinary, as to render fufpi- 
cious the principles from which they 

were drawn. 



I refolved however to examine, in 
a particular manner, fuch of thefe 
confequences as were the moft una* 
voidable, and found the greateft num- 
ber of them might be reduced to the 



following propofition 




L If we only feparate a quantity of 
air from lime and alkalis, when we 

4 

render them caufticj they will be 

found 



6i 



* 

found to lofc part of their weight in 

the operation, but will faturate the 

fame quantity of acid as before, and 
the faturation will be performed with- 

out effervefcence. 

t 

II. If quick-lime be no other than 
a calcareous earih deprived of its air, 
and whofe attraction for fixed air is 
ftronger than that of alkalis, it follows, 
that, by adding to it a fufficient quan- 
tity of alkali foturated with air, the 
lime will recover the whole of its air, 
and be entirely reftored to its original 

1 

weight and condition : And it alfo 
follows, that the earth feparated from 
lime-water by an alkali, is the lime 

which was diffolved in the water, now 



and infbl 



luble ftatc# 



* * 
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III. I f it be fuppofed that flaked 



lime does not contain any parts which 

are more fiery, a&ive, or. fubtile than 

others, and by which chiefly it com-* 
municates its virtues to water, but 

that it is an uniform compound of lime 
and water ; it follows, that as part of 
it can be diffolved in water, the whole 
of it is alfo capable of being diffolved. 

IV. If the acrimony of the eauftie 

alkali does not depend on ant P* rt of 

the lime adhering to it, a cauftic or 

foap-Iey will confequently be found to 

contain no lime, unlefe the quantity 

of lime employed in making it were 
greater than what is juft fufficient to 
extra& the whole air of the alkali; for 
then as much of the fuperfluou* quick- 
lime might poflibly be diffolved by the 
ley as would be diffolved by pure wa- 



ter 



> 




ter, of the ley would contain as much 1 

lime as lime-water does# 

V. We have (hewn, in the former 
experiments, that abforbent earths lofc 
their air when they are joined to an 
acid : but recover it, if Separated again 
from that acid, by means of an ordi- 
nary alkali j the air paffing from the 
alkali to the earth, at the fame time 
that the acid paffes from the earth to 
the alkali. 



r 

If the cauftid alkali, therefore, be 
deftitute of air, it will feparate magnefia 

from an acid, under the form of a mag* 
nejia free of air, or which will not ef- 
fervefce with acids ; and the fame cau* 

flic alkali will alfo feparate a calcareous 
earth from acids, under the form of 

a calcareous earth deftitute of air, but 

Saturated 
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Saturated with water, or under the form 
of flaked lime. 



These were all neceflary conclufiong 
from the above fuppofitions. Many 
of them appeared too improbable, to 

erve any further attention : Some, 



S-r 
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however, I found, upon refle&ion, were 
already feconded by experience. Thus 

+ 

Hoffman has obferved, that quick -lime 
does not effervefce with fpirit of vi- 

triol*; and it is well known, that the 
cauftic fpirit of urine, or of fait am- 



when 



with acids. This 



cited my curiofity, and determined me 

to inquire into the truth of them all 

by way of experiment. I therefore 
engaged myfelf in a fet of trials, the 
liftory of which is here fubjoined. 

Some 
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Some new h&$ are likeways occafional- 

Jy mentioned ; and here it will be pro* 
per to inform the reader, that I have 

never mentioned any, without fatisfy- 
ing myfelf of their truth by experiment, 
tho* I have fometimes taken the liberty 
to negleft defcribing the experiments 

when they feemed fufficiently obvious. 



Desiring to know how much of 
an acid a calcareous earth will abforb, 

and what quantity of air is expelled 
during the diffolution, I faturated two 
drams of chalk with diluted fpirit of 
fait, and ufed the Florentine flafk, as 
related in a funilar experiment upon 
magnefia. Seven drams and one gram 
of the acid finiflied the diffolution, and 

the chalk loft two fcruples and eight 
grains of air. 

I Thw 
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This experiment was necefiary 

before tbe following, by which I pro- 
pofed to enquire into the truth of the 
firfl: propofition, fo far as it relates to 
quick-lime. 



Two drains of chalk were convert- 
ed into a perfed quick-lime, and loft 
two fcruples and twelve grains in the 
lire. This quick-lime was flaked, or 
reduced to a milky liquor, with an 
ounce of water, and then diffolved, in 
the lame manner, and with the fame 
acid, as the two drams of chalk in the 
preceding experiment. Six drams, 

two fcruples, and fourteen grains of 
the acid, finiflied the faturation, with- 
out any fenfible effervefcenc^, or lofs 
of weight. 

It 
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It therefore appears from thcfe ex* 
pefiments* that bo ak is feparated ftom 
quick-lime by in acid, and that chalk 



fathe quantity 



lime, as before. 



quick 



With refpeft to the fecdnd prd- 
pofition, I tried the following experi- 



ments 



1 

A piece of perfefr quick-Hme, made 
from two dtams of chalk, and which 
weighed one dram and eight grains, 
was reduced to a very fine powder, and, 
thrown into a filtrated mixture of an 
ounce of a fixed alkaline fait and two 
ounces of water. After a flight di- 

1 

geftion, the powder, being wdl wafhed 
and dried, weighed one dram and fifty- 

1 2. eight 
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eight grains. It was fimilar in every 
trial to a fine powder of ordinary chalky 
and was therefore faturated with air, 
which muft have been furnifhed by 
the alkali. 



A dram of pure fait of tartar wa& 
diflblved in fourteen pounds of lime- 
water, and the powder thereby preci- 
pitated, being carefully colle&ed and 

dried, weighed one-and-fifty grains. 
When expofed to a violent fire, it was 
converted into a true quick-lime, and 

had every other quality of a calcareoua 
earth. 



This experiment was repeated with 
the volatile alkali, and atfo with the 
foffil or alkali of fea-falt, and exa&ly 
with the fame event. 

Tut 
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The third propofition had lefs ap- 

\ 

pearance of probability than the fore- 
going; but, as an accurate experiment 
was the only teft 6f its truth, I reduced 

eight grains of perfefl; quick-lime made 
of chalk, to an exceedingly fubtile pow- 
der, by flaking it in two drams of di- 
ftilled water boiling hot, and immedi- 

ately threw the mixture into eighteen 
ounces of diftilled water in a flafk. 

After fliaking it, a light fediment, which 
floated through the liquor, was allowed 
to fubfide ; and this, when colle&ed 

with the greateft care, and dried, 
weighed, as near as I could guefs, one 
third of a grain* The water tafted 

ftrong!y,of the lime, had all the quali- 

i 

ties of lime-water, and yielded twelve 
grains of precipitate, upon the addition 

of fait of tartar. In repeating this ex- 
periment, 
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periment, the quantity of fediment was 

% 

fometiines lcfs than the above, and 

fometimes amounted to half a grain* 
It confiftcd partly of an earth which 
eflervefced violently with aqua-fortis> 
and partly of an ochry powder, which 

would not difiblve in that acid. The 



ochry powder, as it ufually appears 
in chalk to the eye in the form of 

veins running through its fubftance, 

i 

mull be confidered only as an acci- 
dental or foreign admixture : and with 

refpeft to the minute portion of alka- 
line earth, which compofed the re- 
mainder of the fediment, it cannot be 



fuppofed to have been originally dif- 



ferent from the reft, and incapable, 
from its nature, of being converted 



y quick -lime, or of being 
water; it feems rather 



confifted 
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confided of a fraall part of the chalk 
in its mild ftate, or laturated with air, 
which had either remained for want 
of a fufficient fire to drive it out en- 
tirely, or had been furntfhed by the 
diftilled water. 



I indeed expe&ed to fee a much 
larger quantity of fediment produced 

from the lime, on account of the air 

which water conftantly contains ; and, 

with a view to know whether water 

retains ity air when fully . faturated 

with lime, a lime-water was made as 

ftrong as poffible j four ounces of 

+ 

which were placed under the receiver 

of an air-pump, together with four 
ounces of common water in a phial of 
the fame fizej and, upon exhaufting 

the receiver, without heating the 

phials, 
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phials, the air arofe from each, m 
nearly the lame quantity : From 

whence it is evident, that the air 
which quick-lime attra&s, is of a diffe- 
rent kind from that which is mixed 
with water. And that it is alfo dif- 
ferent from common elaftic air, is 
fufficiently proved by daily experience j 
for lime-water, which foon attracts 

air, and forms a cruft when expofed 
in open and fhallow veffels, may be 

preferved, for any time, in bottles 

which are but flightly corked, or clof- 
ed in fuch a manner as would allow 
free accefc to elaftic air, were a va- 

t 

cuum formed in the bottle. Quick- 
lime, therefore, does not attraft air 
when in its moft ordinary form, but 

is capable of being joined to one par- 

ticular fpecies only, which is difperfed 

through 
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through the atmofpherCj either in the 

fhape of an exceedingly fobtle powder, 
or more probably in that of an elaftic 
fluid. To this I have given the name 
dtjmed air, and perhaps very impro- 
perly ; but I thought It better to ufe a 
word already familiar in philofophy, 

than to invent a new name, before we 

be more fully acquainted with -the na- 
ture and properties of this fubftance, 

which will probably be the fubjeft of 

my further inquiry. 



It is, perhaps, needlefs to mention 
here, that the calcareous fubftances 

ufed in making the above experiments 
Ihould be of the pureft kind, and burnt 
with the utmoft violence of heat, if we 

would be fure of converting them into 

perfett quick-lime. I therefore made 

K ufe 
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ofc of chafe, burnt in a fmadl covered 

crucible, withtbe fierceftfire of a black- 
Imith's forge, for half an hour , and 

found k neceffary to employ, for this 



purpofe, a crucible of the Auftrian 
kind, which refemble black lead ; for, 

if any calcareous fubftance be heated to 
fuch a degree in an ordinary or Hefftan 
crucible, the whole of it is melted 
down, together wkh part of the vet- 
fel, into glafe. 



I now prepared to inquire into the 

properties of the cauftic alkali; in or- 
der to which, I made a cauftic or foap* 
ky in the following manner 



Twenty-six ounces of very ftrong 
quick-lime, made of chalk, were flak- 
ed or reduced to a fort of fluid paftfe, 

with 
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with eleven pounds of boiling water, 
and then mixed in a glafs veffet withr 
eighteen ounces of a pure fixed alfca^ 
line fait, whieh had been firft difiblved 
m two pounds and a half of water* 

i 

This mature was fhakeit frequently 
for two hours, when the a&ion of the 

lime upon the alkali was fuppofed to be 
over, and nothing remained but to fe- 

A- 

parate them again from one another. I 
therefore added i % pounds of water, 
ftfrred up the lime, and, after allowing 
it to fettle again, poured off as muc£ 

of the clear ley as poffible. 



The lime and alkali were mixed toi 
gether, under the form of a very thick 
milky liquor, or fluid pafte j becaufe 
they are thus kept in perpetual contact 
and equal mixture until they have 

K 2 afted 
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a&ed fufficiently upon one another : 

whereas, in the common way of ufing 
a larger quantity of water, the lime lies 
for the moft part at bottom, and, tho* 
ftirred up ever fo often, cannot exert 
it$ influence fo fully upon the alkali, 
which is uniformly diffufed thro* eve- 
ry part of the liquor* 



above ley was found upon 



be 



kail effervefcence or diminution 
weight* 



was now proper to examine 
he alkali fuflfered any lofs v 



comine cauftic 



tempt by afcertaining the ftrength of 



quantity 



given portion 



which 



\ A 
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which, by computation, feme imper- 
fect knowledge might be obtained of 
the quantity of cauftic produced from 
the eighteen ounces of mild felt 



I therefore evaporated fome of my 
ley ; but foon perceived that no cer- 
tain judgment could be formed of its 

ftrength in this way ; becaufe it always 
abforbed a confiderable quantity of air 
during the evaporation, and the dried 

fait made a pretty bri(k effervefcencc 
with acids, fo that the ley appeared 

ftronger than it really was ; and yet, 
upon proceeding in the eftimate from 
this rude and unfair trial, it appeared 
that the fait had loft above a fixth in 
becoming cauftic, and the quantity of 
acid faturated by two drams of it, was 

to the quantity of acid faturated by 

two 
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two drams of felt of tartar, nearly at 
fix to five* ' 



These experiments aire therefore 
agreeable to that part of the feeond 

propofuion which relates to the cauftic 

li 

alkali. 



Upon farther examining what chart- 

ges the alkali had undergone, I found 

that the ley gave only an exceeding 
feint milky hue to lime-water j becatrfe 

the cauftic alkali wants that air by 

which fait of tartar precipitates the 

lime. When a few ounces of it were 

i 

expofed in an open {hallow veffei fof 
four-and-twenty hours, it imbibed a 
(mail quantity of air, and made a flight 
cffcnrefcence with acids. After a fort- 

night's expofure in the lame maniicr, 

* 

* 

» 
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+ 

it became entirely mild, cflfervdeed as 
violently with addi^ mi bad the fame 

effe& upon lime- water, as a foliation of 
an ordinary alkali It likeway* agrees 
with lime- water, in this refped, that 
it may be kept in dofc fceffels, or even 
in bottles which are but (lightly cover* 
ed, for a confiderable time, without 

abforbing a fenfiblc quantity of air. 



I n order to know how much lime 



it contained, I evaporated ten ounces 
in a final! filver difh over a lamp, and 

meked the fait, after having diffipated 



the water *. 



The 



* This evaporation was performed in a fil- 
Ter diih, oft acooisnt of the acrimony of the 
fait ; which h fo verjr great, that, haribg 

once evaporated a part of the fame ley in a 

bawl 
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Bo 



The cauftic thus produced, was dif- 

folved again in a fmall quantity of wa- 
ter, and depofited a trifling portion of 
fediment, which I imagined at firft to 

be lime j but, finding that it could ea- 

fily be diflblved in a little more water, 
concluded it to be a vitriolated tartar, 
ivhich always accompanies the fixed 

alkali of vegetables. 



I then faturated the folution of the 

cauftic fait with fpirit of vitriol, ex- 
pefting thus to deteft the lime ; be- 
caufe that acid precipitates a calca- 
reous earth from its ordinary folutions. 
During the figuration, a large quan- 
tity 



bowl of Englifh earthen or ftone- wa re, and 

melted the cauftic with a gentle heat, it cor- 
roded and diflblved a part of the bowl, and left 
the ififide of it pitted with fmall holes* 
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thy of white powder was formed ; but 

% 

this likeways turned out to be a vi- 
triolated tartar, whiflk had appeared in 
the form of a powder, becaufe there 

i 

was not enough of water in the mix- 
ture to diffolve it. 



i \ 



Lastly, I expofed a few ounces of 

the ley in an open (hallow veffel, fo 
long that the alkali loft the whole of 

its caufticity, and feemed entirely re- 
ftored to the ftatc of an ordinary fix- 
ed alkali j but it did not however de- 
pofite a fingle atom of lime. And, 

to affure myfelf that my cauftic-ley 
was not of a Angular kind, I repeated 
the fame experiments with an ordinary 
foap-ley, and with one made by mix- 
ing one part of a pure fixed alkaline 

£alt with three parts of common ftonc- 

L lime 
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lime frefli flaked and lifted ; nor could 
I difcover any lime in either. The 
firft of thefe contained a fmall quanti- 
ty of brimftone, and was far from be- 
ing perfe&ly cauftic, for it made a 

pretty brifk effervefcence with acids ; 
but the laft was fo entirely deprived of 
its air, that it did not diminifli in the 
leaft the tranfparency of lime-water. l 



These experiments feem therefore 

i 

to fupport the fourth propofition, and 
to (hew that the cauftic alkali does not 
contain any lime. 



As it feems probable, from the quick- 
nefs and eafe wherewith the alkali was 
rendered cauftic, that more lime had 
been employed than what was juft fuf- 
ficient to extract the whole of its air, 




find 
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diflblved by the water. But this phe- 
nomenon will become lefe furprifing, by 
comparing it with fome fimilar inftan- 
ces in chemiftry. Water may be made 
to depofite a fait, by the admixture of 
a fubftance which it attra&s more ftrong- 
ly than it does that fait j fuch as fpirit 
of wine. And quick-lime itfelf may be 
feparated from water, upon the fame 

principle : for, if that fpirit is added 
to an equal quantity of lime-water, the 
mixture becomes turbid, and depofites. 
a fediment, which, when feparated and 
diflblved again in diftilled water, com* 
pofes lime-water* We may therefore 
refer the above phenomenon with re- 
fpe& to the ley, to the lame caufe with 



and 



L z diffolve 
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diffolve the lime, becaufe it already 
contained a cauftic alkali, for which 
it has a fuperior attra&ion. 



I alfo rendered the volatile alkali cau- 
ftic, in order to examine what change 
it (offered in the operation ; and obtain* 

cd an exceedingly volatile and acrid 

fpirit, which neither effervefced with 
acids, nor altered in the leaft the tranf- 



and 



;, was 

upon i 



next 



the fifth propofition, in the following 



manner- 



Two drams of Epfom fait were dif- 

folved in a fmall quantity of water, 
1 and 
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and thrown into two ounces of the cau- 

+ 

ftic ley : the mixture inftantly became 
thick, like a deco&ion of (larch or bar- 
ley, by the magnefia^ which was pre- 
cipitated. I then added fpirit of vitriol 

by degrees, until the mixture became 
perfe&ly clear, or the whole of the 

magnefia was again diffolved ; which} 
happened without any effervefcencc or 
cmiflion of air- 



Half an ounce of chalk was dif- 
folved in fpirit of fait, the quantity of 
which was fo adjufted, that the mixture 

was not acid in the leaft degree. ; and 
the folution was thrown inta twelve 
ounces of the cauftic ley } which quan- 
tity I found, by experiment, to be fuf- 
ficient for precipitating almoft the 
whole of the chalk. I now filtrated 

thi* 
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this turbid liquor, and laid the powder 
remaining in the paper upon a chalk 
ftone, in order to draw as much of the 

■ 

water from it as poflible, and thereby 
reduce it fo the form of a more denfe 
and heavy powder, that it might fub- 

fide the more perfectly in the following 

part of the experiment. I then mixed 
it with about twenty ounces of pure 

water in a flaflc, and, after allowing the 

powder to fubfide, poured off the water, 
which had all the qualities of lime-wa- 
ter. And I fucceffively converted eight 

waters more into lime-water, feven of 
thefe in the lame quantity, an.d with 
the fame management, as the firft. 

The eighth was likeways in the fame 
quantity ; but I allowed it to remain 
with the chalk, and fliook it frequently 
for two days. This, after being filtrat- 
ed, 
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ed, formed a cream or cruft upon its 
f u r face when expofed to the air j chan- 
ged the colour of the juice of violets 
into green; feparated an orange-colour- 

ed powder from a folution of corrofive 
fublimate ; became turbid upon the ad- 
dition of an alkali ; was entirely fweet- 
ened by magnefia ; and appeared fo 
ftrong to the tafte, that I could not have 
diftinguifhed it from ordinary lime- 
water : and when I threw fome felt am- 
moniac into the lime which remained, 
the vapour of the volatile alkali imme- 



diately arofe from the mixture. 



In this experiment, therefore, the air 
is firft driven out of the chalk by an 
acid, and then, in order to fepafatc this 
acid from it, we add an alkali which 
has been previoufly deprived of its air ; 

by 



i r 
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by which means the chalk itfelf is alio 
obtained free of air, and in an acrid 
form, or in the form of flaked lime. 



We have alfo feveral proceffes for 
obtaining the volatile alkali in a cauftic 

form, which feem to be only fo many 

methods of obtaining ft in its pure ft ate, 

and free of fixed air. The firft of thefe 
is the feparadon of the alkali from an 

acid, merely by heat : an inft ance of 

which we have from Mr Margraaf *. 

He prepared from urine an ammoniacal 
ialt, the acid of which is the bafis of 

the phofphorus, and is of fuch a pecu- 
liar nature, that it endures a red heat 
without being diffipated. Sixteen ounces 
of the neutral felt were fubje&ed by 
him to diftillation. The acid remain- 

m. 

ed 

♦Mem. dcl'Aca&de Berlin, ann. 1746, p. 87* 
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ed in the retort : and he found, in the 

receiver, eight ounces of an alkaline 

fpirit, which, he tells us, was extremely 

volatile, very much refembling the fpirit 
of falt-ammotfiac diftilled with quick- 
lime ; and no cryftals vere formed in 

it, when expokd to the cold air. 



A cauftic volatile alkali may alfo be 
obtained, by mixing falt-ammoniac 
with half its weight of a cauftic fixed 
alkali, or of magnefia which has been 
previoufly .deprived of its air by fire ; 
and then fubmiiting thtfe mixtures to 
diftillation : Or, merely by adding 

any ordinary volatile alkali to a pro- 
per quantity of a cauftic-ley ; for, in 
this cafe, the air paffts from the vo- 
latile to the fixed alkali, by a fuperior 

* 

attra&ion for the laft ; and, by a gen- 

M tie 
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ric heat, the compound yields a f pi rit 
fimilar to that prepared from fait am- 
moniac and quick-lime. 



- It is therefore probable, that, had 
we alfo a method of feparating the fixed 
alkali from an acid, without at the 
fame time faturating it with air, we 

V 

fhould then obtain it in a cauftic form ; 
but I am not acquainted with an in- 
ftance of this feparation in chymiftry. 

There are two, indeed, which at firft 
fight appear to be of this kind : thefe 
are the feparation of the fixed alkali 

from the nitrous acid, by means of in- 
flamed charcoal, in the procefsfor mak- 
ing nit rum fxatum ; and of the fame 
alkali, from vegetable acids, merely by 

heat. But, upon examining the produft 

of each procefs, we find the alkali either 

fully 
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fully or nearly faturated with air. 1$ 

the firft, either the charcoal or the 
acid, or both together, are almoft 
wholly converted into air ; a part of 
which is probably joined to the alkali, 
la the fecond, the acid is not proper- 
ly feparated, but rather deftroyed by 
the fire ; a confiderable portion of 
it is converted into an inflammable 

* 

fuhftance : and we learn from Dr 
Hales, that the bodies of this clafs 
contain a large quantity of fixed air. 



When we confider that the attrac- 

r 

tion of alkalis for fixed air, is. weak- 

er than that of the calcareous earths, 
and refleft upon the effe&s of heat in 
chymiftry, we are led to imagine,- that 
alkalis might be entirely deprived of 
their air, or rendered perfe&ly cauftic, 

Mz by 
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weaker 



which as fufficient to produce the 
fame change upon lime ; but this 



not 



experience, 



The alkalis do, however, acquire 

fome degree of caufticity in a ftrortg 
fire, as appears from their being more 
eafily united with fpirit of wine, after 

having been kept in fufion for fome 
time. For that fluid, which cannot 

be tinctured by a mild fait of tartar, 

will foon take a very deep colour 
from 'a few drops of a ftrong cauftic- 
ley. The circumftances which hinder 
us from rendering thefe falls perfect- 
ly cauftic by heat, are, their propen- 
fity to diffipation in the utmoft vio- 
lence of the fire, their extreme acri- 
mony, 
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mony, and the imperfeftion of our 

common veffels. For, before the heat 
becomes very intenfe, the alkalis ei- 
ther evaporate, or diffolve a part of 
the crucibles in which they are con- 
tained, and often efcape through their 
pores ; which happens, efpecially, as 

foon as they have already acquired 
fome degree of additional acrimony, 

by the lofs of part of their air. 



The fufion, alfo, which they fo rea- 
dily undergo, is well known by chy- 

mifts, as a ftrong obftacle to the fepa- 
ration of the volatile from the fixed 

parts of a compound by fire. Accord- 
ingly, in feveral procefles, we are dU 
re&ed to add to the fufible compound, 

fome porous fubftance, which is inca- 

pable of fufion, and will retain the whole 

in 
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fpo 



the diffipation of the volatile parts 



• * 



In order to know whether an alkali 

would lofe a part of its air, and acquire 
a degree of caufticity, when expofed^ 

with this precaution, to the a&ion of 

* 

a ftrong fire, 1 mixed an ounce and a 

half of fait of tartar with three ounces 
of black lead, a fubftance of any the 

moft unchangeable by chymical ope- 
rations. This mixture I expofed for 

feveral Hours, in a covered crucible* 
to a fire fomewhat ftronger than what 
is neceflary to keep felt of tartar in fu* 
fion. When allowed to cool, I found 

it ftill in the form of a loofe powder ; 

and, taking out one half, I diluted it 
with water, and, by filtration, obtained 

a ley, which, when poured into a fo? 

lution 
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l'ution of white marble, irt aqua-fortis^ 

precipitated the marble under the form 

of a weak quick -lime : for, the turbid 
mixture gave a green colour to the 
juice of violets* and threw up a cruft 
like that of lime-water ; and the pre- 
cipitated powder, colle&ed and mixed 
with falt-ammoniac, immediately yield- 
ed the fcent of the volatile alkali. 



Lest it fliould here be fufpe&ed, 

that the alkaline qualities of this mix- 
ture, and of the precipitated marble, 

A- 

were not owing to a lime into which 
the marble was converted, but to the 
alkali itfelf which was added, it is pro- 
per to obferve, that I mixed fo fmall 
a proportion of the ley with the folu- 

tion of marble, as made me fure, from 

r 

certain experiments, that the whole of 

the 
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the alkali was fpent in performing the 
precipitation, and was confequently 
converted into a neutral fait by attract- 
ing the acid. The properties, there- 
fore, of the mixture, can only be re- 
ferred to a lime, as is indeed fufficient- 
ly evident from the crufl which is pe- 
culiar to lime-water. 



I was therefore affured by this ex- 
periment, that an alkali does really lofe 

■ 

a part of its air, and acquire a degree 

of caufticity, by the proper application 
of heat; but, finding, by fever al trials, 

that the degree of caufticity which it 
had thus acquired was but weak, and 

* 

that the quick-lime produced in this 
experiment was exhaufted and render- 
ed mild by a fmall quantity of water, 
I expofed the crucible, together with 

that 
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that half of the alkali which remained 
in it, to a ftronger fire, in order to ex- 
pel a larger quantity of air, and render 
it more remarkably cauftic : but the 
whole of it was diffipated by the force 
of the heat ; and the black lead, which 
ftill retained the form of a loofe and 
fubtile powder, yielded little or nothing* 

to water. 



We learn, then, from the above 
experiment, the reafon why the alkali 
newly obtained from the aihes of ve- 
getables, is generally of the more acrid 
kinds of that fait. It never appears un- 
til the fubjett be converted into allies, 
and is fuppofed to be formed by the 
fire, and to be the rcfult of a particu- 
lar combination of ibme of the princi- 
ples of the vegetable ; one of which 

N prin- 
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principles is air, which is contained in 
large quantity in all vegetable matters 
whatever. But, as foon as the fmalleft 

part of a vegetable is converted into 
aflies, and an alkali is thus formed, this 

1 

fait neceffarily fuffers a calcination, dur- 
ing which it is kept in a fpongy form 

by the afhes, and ftiews a very confi- 
derable degree of acrimony, if imme- 
diately applied to the body of an ani- 
mal: but if the afties are for any time 
expofed to the air, or if we feparate 
the alkali from them by the addition 
of a large quantity of water and fub- 

fequent evaporation, the fait imbibes 

A- 

fixed air from the atmofphere, and be- 
comes nearly faturated with it ; tho*, 
even in this condition, it is generally 
more acrid than fait of tartar, when 

this is prepared with a gentle heat. 

r 

Borax 
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, Borax has fometimes been refer- 
red to the clafs of alkalis, on account 
of fomc rcfemblance it bears to thofe 

r 

faks : But it has been demonftrated by 
accurate experiments, that we fliould 
rather confider it as a neutral fait; that 
it is compofed of an alkali, and of a 
particular iaUne fubftance called the 

fedative fait, which adheres to the al- 
kali in the fame manner as an arid, 
but can be feparated by the addition 
of any acid whatever, the added acid 
joining itfelf to the alkali in the place 
of the fedative fait. As this conjunc- 
tion of an acid with the alkali of borax 



- * 



happens without the leaft efferyefcence, 
our principles lay us under a necefiky 
of allowing that alkali to be perfe&ly 
free of air, which muft proceed fronj 

its being incapable of union with fix? 

Na cd 
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cd air, and with the fedativc fait, at the 
fame time : Whence it follows, that, 
were we to mix the fedative fait with an 
alkali faturated with air, the air would 

m 

immediately be expelled ; or, the two 

felts, in joining, would produce an effer- 

vefcence. This 1 found to be really the 

cafe, upon making the trial, by mixing 

a fmall quantity of the fedative fait, with 

an equal quantity of each of the three 

alkalis, rubbing the mixtures well in 

a mortar, and adding a little water. It 
is however proper in this place to ob- 

ferve, that if the experiments be made 

in a different manner, they are attend* 

ed with a fingular circumftance. If a 

fmall quantity of the fedative fait be 

thrown into a large proportion of a 

diflblved fixed alkali, the fedative felt 

gradually difappears, and is united to 

the 
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the alkali, without any effervefcence ; 
but if the addition be repeated feveral 
times, it will at lalt be accompanied 
with a brilk effervefcence, which will 
become more and more remarkable, 

until the alkali be entirely faturated 

with the fedative lalt* 



This phenomenon may be explained 
by considering the fixed alkalis as not 
perfe&ly faturated with air : and the 
fuppofition will appear very reafonable, 
when we recoiled that thofe falts are 
never produced without a confiderablc 
degree of heat, which may eafily be 
imagined to diflipate a (mall portion of 
fo volatile a body as air. Now, if a 
fmall quantity of the fedative fait be 
thrown into an alkaline liquor, as it is 

very flowly dtflblved by water, its par- 
ticles 
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tides are very gradually mixed with the 
atoms of the alkali. They are moft 

ftrongly attracted by fuch of thefc 
atoms as are deftitute of air, and there- 
fore join with them without producing 
an effervefcence ; or, if they expel a 

(mail quantity of air from fome of the 
fait, this air is at the fame time abforb- 

ed by fuch of the contiguous particles 

as are deftitute of it; and no effcrvefr 
cence appears, until that part of the 
alkali, which was in a cauitic form, or 
deftitute of air, be nearly faturated witl} 

the fedative fait. But if, on the other 
band, a large proportion of the feda? 



i \ 



be 



alkal 



part of the air, is as fuddenly expelled* 



Ik the fame manner may we alfa ex* 

plain 
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plain a fimilar phenomenon, which often 
prcfcnts itfelf in Saturating an alkali with 
the different acids : The effervefcence 

4 

is Itis confiderable in the firft additions 
of acid, and becomes more violent as 
the mixture approaches the point of 
faturation. This appears moft evidently 
in making the fal diureticus, or regene- 
rated tartar : the particles of the ve- 
getable acid here employed, being al- 
ways diffufed through a large quantity 
of water, are more gradually applied to 
thofe of the alkali, and, during the firft 
additions, are chiefly united to thofe 
that are freed of air \ 



That the fixed alkali, in its ordi- 
iiary (late, is feldom entirely faturated 

- with 

■ 

% Bocrh. operat chym. procefs 76. ■ 
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with air, fetms to be confirmed by the 
following experiment 



I expofed a fmall quantity of a pure 
vegetable fixed alkali to tbe air, in a 
broad and {hallow veflel, for the fpace 
of two months ; after which I found a 
number of folid cryftals, which refem- 
bled a neutral fait fo much as to retain 
their form pretty well in tbe air, and 
to produce a confide rable degree of 

cold when diffolved in water. Their 
tafte was much milder than that of or- 

dinary fait of tartar ; and yet they feem- ( 
cd to be compofed only of the alkali,; 
and of a larger quantity of air than is 
ufually contained in that fait, and which 
had been attra&ed, from the atmo- 

fphere ; for they Hill joined very rea- 
dily with any acid, but with a more 

violent 
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violent effervefcencc than ordinary; 
and they could not be mixed with the 
fmalleft portion of vinegar, or of the 
fedative fait, without emitting a fenfible 
quantity of air. 



As it now appeared that feveral al- 
kaline fubftances have an attraction for 
fixed air, I tried a few experiment^, to 
learn the relative ftrcngth of their fe- 
veral attractions. 



Twenty-four grains of magnejta* 

in fine powder, were mixed with five 

ounces of the cauftic-ley, in afmall phial,, 

which was immediately corked* and 
fliaken frequently for four hourfc The 
ley was then poured off, and the mag* 
nefta waflied with repeated affufions of 

* 

water, and dried. It had. loft about the 

a half 



^ 






C 106 ] 



half of its weight, and, when reduced 
to a fine powder, was readily diflblved 
by acids, with an efferyefcence which 
was hardly perceiveable : the alkali 
had therefore extra&ed its air* I alfb 

threw fome frefh magnefia into the ley 
which had been poured off, and there* 
by rendered it perfe&ly mild, and fimi* 
lar to a folution of fait of tartar ; fo 
that it effervefced brifldy with acids. 



With an ounce of the mild fpirit of 
(alt-ammoniac, I mixed a dram of mag- 

tiejia, in very fine powder, which had 
been previoufly deprived of its air by 
lire; and, obferving that the magnefia 
had a tendency to concrete into a folid 
mafs, I fhook the phial very frequently; 



After fomc days, the powder was in- 

creafed to more than double its former 

bulk j 



i 



\ 



107 



bulk ; and when the phial was opened, 

the alkaline fpirit emitted a mod 
intolerably pungent fmelL It like- 
wife floated upon water ; but was not 
perfectly cauftic, for it ftill yielded fomc 

air when mixed with acids, and alfo 
Tendered lime-water turbid $ neither 

of which would probably have happen- 
ed, if I had ufed a greater quantity of 
magnefia, or had allowed the mixture 

to remain a longer time in the phial. 

I now wafhed out the whole of the mix- 
ture into a bowl, and dried the magne* 
fia until it loft all fmell of the alkali. 
It weighed a dram ahd fifty-eight grains, 
effervefced violently with acids, and 

therefore contained a large quantity of 
air, which had been drawn from the 
alkali by a ftronger attraction. 

Q z . Having 
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Having formerly fhewn, that mag* 
nefia faturated with air feparates an acid 

A- 

from a calcareous earth, which it is not 
able to do after being deprived of its 

air by fire ; I now fufpeSed that the 

air was the caufe of this feparation, be- 

caufe I found that it was joined to the 

calcareous earth, at the lame time that 
the acid was joined to the earth of mag* 

nefia ; and imagined, that a pure cal- 
careous earth might poffibly have a 

ftronger attra&ion for acids, than . a 
pure earth of magnefia* 



I therefore diflblved two drams of 
magnefui in the marine acid, and thus* 
obtained a compound of an acid, and of 
the pure earth of this fubftance ; for 
the air which was at firft attached to 

it; was expelled during the diffolution. 

I 
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I then added thirty grains of ftrong 
quick-lime in exceeding fine powder, 
fhook the mixture well, and filtrated it* 
The powder remaining in the paper, 
after being well wafhed, was found to 
be a magnefta, which, as I expe&ed, 
was deftitutc of air, for it was diffolv- 
ed by the vitriolic acid without ef- 
fervefcence ; and the filtrated liquor 
contained the lime united to the acid, 
for, upon dropping fpirit of vitriol into 

it, a white powder was immediately 

formed 



We muft therefore acknowledge a 
ftronger attra&ion between the calca- 
ueous earths and acids, than between 
thefe and ma'gnejia. But, how does k 
then happen, that if magnejia, faturat- 

cd with air, be mixed with a compound 

of 



' - 
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t>f acid and calcareous earth, thefe two 

laft, which attrad one another the moft 
flrongly, do not remain united ; but the 

acid is joined to the magnefia^ and the 

calcareous earth to the- air, which it 

attrads much more weakly than it does 

i 

the add.? Is it becaufe the fum of the 
forces which tend to join the magnefta 

to the acid, and the calcareous earth 
to the air, is greater than the fum of 
the forces which tend to join the cal- 

r 

careous earth to the acid, and the mag* 
nefta to the air j and becaufe there is 

a repulfion between the acid and air, 
and between the two earths ; or they 

are fomehow kept afunder, in fuch a 

manner as hinders any three of them 

from being united together ? 



The iirft part of this fiippofition it 

fa- 



lit 



4 

favoured by our experiments, which 

* 

feera to fhew a greater difference be- 
tween the forces wherewith the cal- 
careous earth and magnefta attract fix- 
ed air, than between thofe which dif- 
pofe them to unite with the acid. The 
repulfions, however, hinted in the fe- 
cond, are perhaps more doubtful, 
though they are fuggefted in many 

other inftances of decompofition ; but 
the bounds of my prefent purpofe 
will not allow me to enter upon this 
fubjeft, which is one of the moll ex- 

tenfive in chymiftry. 



We meet alfo with a difficulty with 
refpeft to the volatile alkali, fimilar to 

the above. Thus, a calcareous earth, 

that is pure, or free of air, has a much 

ftrongcr attraction for acids, than a 

pure 
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pure volatile alkali, as is evident when 
we mix quick- lime with falt-ammo- 
niac ; for the alkali is then immedi- 
ately detached from the acid. And, 
agreeably to this, 1 found, upon the 
trial, that a pure or cauftic volatile al- 
kali does not feparate a calcareous earth 
from an acid. Yet, if we mix a mild 
volatile alkali, which is a compound of 
alkali and air, with a compound of acid 

and calcareous earth, thefe two laft, 

which attraft one another mod ftrong- 
ly, do not remain united ; but the acid 
Is joined to the alkali, and the earth to 
the air, as happens in the precipitation 
of a calcareous earth from an acid, by 

means of the common or mild volatile 
alkali. 



I remember, likewife, a parallel 

inftance 
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inftance with regard to quick - filver. 
This metal has an attra&ion for the 
vitriolic acid, and, when joined to it, 
appears under the form of turbith mi- 
neral. But this attraction- is weaker 
than that of the fixed alkali for the 
fame acid ; for, if we « mix a diffol ved 
fait of tartar with turbith mineral, the 

turbith is converted into a brown 

powder, and the alkali into vitriolated 

tartar ; which change happens the 

fooner, if the pure or cauftic alkali 
is ufed. Yet, if to a compound of 
<quick-filver and the nitrous acid, we 
add a compound of the fixed alkali 
and the vitriolic acid, or a vitriolated 

tartar, and digelt the mixture with a 

ftrong heat, the vitriolic acid does 

p 

not remain with the alkali, but is 

joined to the quicksilver, which it 

attrads more weakly, compofing with 

P it 
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it a turblth mineral ; while the alkali 
is joined to the nitrous acid, which it 

likeways attra&s more weakly than it 
s the vitriolic, and is converted in- 




to lalt-petrc. 



From fome of the above experi- 
ments, it appears that a few altera- 
tions may be made in the column of 
acids in Mr Geoffroy's table of ele&ivc 

attra&ions ; and that a new column 

may be added to that table, according 
to the following fcheme, where the al- 
kaline fubftances are all confidered as 

in their pure Hate, and free of fixed air. 

Acids. Fixed air. 



Fixed alkali. Calcareous earth. 

i 

Calcareous earth. Fixed alkali. 

Volatile alkali and magncjia* Magnefia. 

*«*•*.* Volatile alkali. 

# # # * 

At 
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At the Foot of the firft column, lev 

veral of the metals ihight follow, and 
after thefe the earth of aliuih ; but a& 

I don't know what number of th^ me- 
tals fhould precede that fcarth^ I have 
left k to be determined by further ex- 

pe Hence. , 



The volatile alkali and magnefia are 
placed in the fame line of this column ; 
becaufe their force of attra&ion feems: 

pretty equal. When we commit a mix- 
ture of magnefia and falt-ammoniac to 

diftillation, the alkali arifes, and leaves 
the acid with the magndfia ; becaufe this 
earth, by attracting the acid, repreffes 

its volatility j and it feems alfo to di- 

minifli the cohefion of the acid and 

alkali, and to render them feparablc 

by a gentle heat. If the magnefia be 

P % feturatedi 
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iaturated with air, this likewife,. on 
account of its volatile nature, and at- 
traction for the alkali, is driven up 
along with it, and makes it appear 
under a mild form ; and in the fame 



alkali 



and 



crude calcareous earth. 
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Of the Cold produced by evaporating 
Fluids, and of fome other means of 
producing Cold ; by Dr William 
Cullen. 




4 1 

Young Gentleman, one of my 

pupils, whom I had employed to 
examine the heat or cold that might 
be produced by the folution of certain 
fubftances in fpirit of wine, obferved 
to me, That when a thermometer had 

been imraerfed in fpirit of wine, tho' 
the fpirit was exafltly of the tempera- 
ture of the furrounding air, or fome- 
what colder ; yet, upon taking the 
thermometer out of the fpirit, and fuf- 
pending it in the air, the mercury in 
the thermometer^ which was of Faren- 

heit's 



ti 
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Ileitis conftru&ion, always funk two or 
three degrees. This recalled to my 
mind fome experiments and observati- 
ons of M. de Mairan to the fame pur- 

i 

pofe, which 1 had read fome time be- 
fore. See Djfertaijon fur la glace \ edit* 
1749. p. 248, etfeq. — When I firft read 
the experiments of M. de Mairan, in the 

place referred to, I fufpe&ed that wa- 
ter, and perhaps other fluids, in evapo- 
rating, produced, or, as the phrafe is* 
generated fome degree of cold. Thfc 
above experiment of my pupil confir- 
med my fufpicion, and engaged me to 
verify it by a variety of new trials. 



* * 



I began by repeating the experiment 

p 

with fpirit of wine j and found, whett 
I had taken the utmoft care to have 

the fpirit exa&ly of the temperature of 

the 



up 



the air, that constantly, however, upon 
taking the thermometer out of the fpirit, 
the mercury funk feveral degrees, and 
indeed continued to fink fo long as the 
ball of the thermometer continued wet 
with the fpirit of wine. I found alfo, 
when the ball began to dry, and the 

mercury to rife again in the ftem of 
the thermometer, that if the ball was 
again dipped into the fpirit, and imme- 
diately taken out, the mercury in the 

thermometer might be again obferved 
to fink ; and that thus, by repeated 

dippings, the cold produced might be 
rendered very remarkable. The cold 
produced was alfo obferved to be ftill 
greater, when, between each dipping, 
the thermometer was moved very nim- 
bly to and fro in the air ; or if, while 

the ball was wet with fpirit of wine, it 

vm 
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'was blown upon by a pair of bellows, 
or indeed if the air about the ball was 

i 

--otherwife any-howput in motion. If 
any of thefe means for putting the air 
in motion are employed, the repeated 
moiftenings of the ball of the thermo- 
meter may be performed by dipping it 
into the fpirit of wine. But, when a 
^certain degree of cold has been produ- 
ced by a firft dipping, that is apt to be 

rdiminilhed by dipping again into the 

warmer fpirit j and therefore the ther- 
mometer ought either to be dipped in- 
to the fpirit, and taken out again very 
quickly, or, what is ft ill better, the ball 
of the thermometer ought to be moi- 
ftened by a feather that has been dip* 

.ped into the fpirit of wine. By taking 

•thefe methods, I have, by fpirit of 
vwine, .made the mercury in the jhei* 

.urometer 
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mometer fink from 44 degrees to be- 
low the freezing point \ and, by em- 
ploying fome other fluids, to be men- 
tioned by and by, I have produced a 

finking of the thermometer much more 

i 

confiderable. 



1 In making experiments of this kind, 
it is to be obferved, that the cold pro- 
duced is of very (hort duration. On 
this account, it is not proper to employ 
a thermometer inclofedina glals tube: 
and it is neceffary to employ one hav- 
ing a fmail ball, which may render it 
more fenfible. But as a iixiall ball occa- 

t 

fions the divifions of the fcale to be the 
fmallcr, a thermometer filled with quick* 

filver is not fo proper for thefe experi- 

cients, as one filled with fpirit of wine, 
having at the fame time both a fmail 

ball 




1 

^ 
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ball and a flender ftem. What beft of 

all flicws the cold produced, and is in- 
deed, withrefped to feveral fluids, quite 
ceceflkry, is an air thermometer. This 

too will be rendered more convenient, 
by having the upper part 

of the tube bent as in the 
figure annexed ; fo that 
the ball may be moi- 

ftened without the liquor's 
running down upon the 
ftem and fcale. 




I have entered into this detail, for 
the lake of thofe who may defire to re- 

peat my experiments. Having now 
laid enou gh on the manner of making 
them, I go on to obferve, that, in this 
way, I have examined a great variety 
of fluids j fuch as, 

The 
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The quick-lime fpirit offal, arnnvhiat. 

The at her of Frobenius, 
The nitrous ather, 

The volatile tinttute offulpbur, 

Spirit of wine, 

Spirit of fal ammoniac made 

♦ fixed alkali. 

Brandy, 

Wine, 

Vinegar, 
Water y 

Oil of turpentine, 
Oil of mint, 

Oil of pimento* 



Bv each of thefe employed to moi- 
ften the ball of the thermometer, fome 
degree of cold is produced. I dare not 
however at prefent determine exa&ly 

what u the finking of the thermometer 

C^2 produced 
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produced by each. For this purpole^ 

it would be neceffary to repeat the trials 
often, and with precifely the fame cir- 
cumftances at each time ; which 1 find 
to be very difficult. In the mean time, 
I have endeavoured to give a notion of 

■a 

the comparative power of thefe fluids 
in producing cold, by the order in which 
I have fet them down, having men- 
tioned that fluid firft which feemed to 
me to occafion the greateft finking of 

the thermometer ; and the reft follow 
in order, as they feemed to occafion 
lefs and lefs. 



From the above enumeration I ima- 

* f 

gine it will appear, that the power of 
evaporating fluids in producing cold, 
is nearly according to the degree of 

volatility in each. If to this we join 

the 
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the confideration, that the cold is made 

greater by whatever haftens the evapo- 
ration ; and particularly, that the fink- 
ing of the thermometer is greater, as 

the air in which the experiment is made 
is warmer, if dry at the fame time ; I 

* 

think we may now conclude, thaj: the 
cold produced is the effeft of evaporation* 



i 



I did not think it neceffary to diver* 
fify my experiments further, by exa- 
mining a great many fluids, which arc 
manifeftly of a like nature«with thefc 
above mentioned. 1 prefume pretty 
confidently, that the feveral fpirituous, 

watery, and oily fluids** a-kin to thefe 
already tried, will be found, all of them, 

to have fimilar effe&s : and, confider- 
rng how many .fluids thefe claffes com- 
prehend j and that, m thgfb already 

triedy 
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tried, the cold produced feems to de- 
pend more on the volatility of the ag- 
gregate, than on the nature of the 
mixt ; I was ready to conclude, that 

all fluids whatever would, in evaporat- 
ing, produce cold. But I have found 

a feeming exception. When the ball 
of the thermometer is moiftened with 
any of the foffil acids, a confider^ble 
degree of heat is produced. It is how- 
ever to be doubted, if this affords an 
exception. We know that thefe acids 
attraft water from the air j and, alfo, 
that thefe acids, mixed with water, al- 
ways produce heat : It- may therefore 
be fuppofed, that the heat produced by 
iftening the ball of the thermome- 
ter with thefe acids, is to be imputed 
rather to their mixing with the water 

of the air, than to their evaporation 

fmgly. 
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fingly. This perhaps cannot be pofi- 

A- 

tively determined, till the evaporation 

r 

of thefe acids, in a very perfeft vacuum, 

is examined ; which I have not yet had 
an opportunity of doing. In the mean 
time, I have made an experiment which 
1 think is to the purpofe. To one part 
of ftrong acid of vitriol, I added two 

parts of fpring water. When this mix- 
ture, which produces a great degree 
of heat, was returned to the tempera- 
ture of the air, I ufed it for moiften- 
ing the ball of the thermometer, and 

found it produced a fenfible degree of 
of cold, and feemingly a greater than 
water alone would have done. I need 
not here obfervc, that the mixture I 
ufed was ftill a very acid liquor, only 
fo much faturated with water, that it 

would not now attract any from the air* 

Whe- 
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Whether it would not have had the 
fame effe&, tho' lefs ' diluted, 1 have 
not had time to examine. The ex- 
periment, as it Hands, tends to prove, 
that the heat produced by acids, appli- 
ed to the ball of the thermometer, is 

owing to the mixture of thefe with the 
water of the air ; and therefore it is 
ftill very probable, that allfluids, which 
do not immediately affeft the mixture 

of the air, will, in evaporating, pro- 
duce cold. 



When I had proceeded thus far, I 

began to confider, whether the cold 
produced in the above experiments 
might not be the effect of the mixture 
of the fcveral fluids with the air ; and 
that therefore, to a lift of cooling mix- 
lures and folutions, which 1 was then 

making 
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making up, I (hould now add the fe- 

veral foliations made by the air. By 

one who fuppofes the evaporation of 
fluids to depend upon the a&ion of the 

air as a menftruum, this would be rea- 
dily admitted ; but, as 1 knew that fluids 

Evaporate in vacuo, as well as in the air, 
I refolved. to fufpend my opinion, till 
I ftiould repeat my experiments in an 
cxhaufted receiver. 



* 

In profecuting thefe, a number of 
new, and, to me, curious phenomena, 
have prefented themfelves ; fo many, 
that I find the experiments mull be 

4 

often repeated, and much diverfified, 
before 1 can give the Society a proper 

account of them. In the mean time, 
I {hall give you the following facts, 
already fufficiently verified, 

R A 






*3° 1 



A thermometer hung in the receiver 
of an air-pump, finks always two or 

three degrees upon the air's being ex- 
haufted. After a little time, the ther- 
mometer in vacuo returns to the tem- 
perature of the air in the chamber, and, 
upon letting air again into the receiver, 

the thermometer always rifes two or 

three degrees above the temperature 
of the external air. 



When a veffel containing f pi r it of 
wine, with a thermometer immerfed in 
it, i$ fet under the receiver of an air- 



pump; upon 



finks 



veral degrees. It becomes more efpe- 

cially remarkable, when the air in any 

plenty iffues out of the fpirit of wine. 

As the fpirit continues long to give out 

air. 
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air, fo it is long before the thermomc- 
ter immerfed in it returns to the tem- 
perature of the external air. But, when 
after fome time it appears ftationary, 

w 

if it is then drawn up out of the fpirits, 
and fufpended in the vacuum, the mer- 
cury finks very quickly eight or nine 
degrees ; a good deal farther than it 
would have done, in the fame circum- 
fiances, in the air. In the fame manner 
as in the air, the thermometer in w~ 
cuo may be made to fink lower, by re- 

peated dippings into the fpirit of wine: 

But here thefe repeated dippings have 

not fo remarkable an effeft as in the 
air ; becaufe the dipping cannofr be fa 
quickly performed, and the thermome- 
ter is therefore more affc&ed by the 
warmth of the fpirit. It is fometimes 

alfo affe&ed by a drop of the fpirit, 

R % which 
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which the ball takes up along with it, 
and which, as I fiiould have obferved 
above, ought always to be taken away 
in the experiments made in the air. 
This experiment with fpirit of wine 
was often enough repeated, to (hew 
clearly, that the evaporation of the 
fpirit in vacuo produces a greater de- 
gree of cold, than the evaporation of 

the fame in the air. 



Satisfied of this, I have tried alfo 
fome other fluids, as the quick-lime 

fpirit of fal-ammoniac, and the two 

kinds of aether. Veffels containing thefe, 

with a thermometer immerfed in the 

liquor, but feparately, and at different 

times, were fet under the receiver. 
With regard to the different fluids, the 

phenomena were much the fame. Upon 

ex- 
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exhaufting the receiver, the fluid gave 
out a great quantity of elaftic air ; and, 
while this happened, the mercury in 



the immerfed thermometer funk 



rery 



faft, and to a great length. In our trials, 
it generally funk below the fcale ap- 
plied, fo that we could not meafure ex- 
actly how far. In one experiment, before 

exhaufting the receiver, the thermome- 
ter had flood at 50 degrees, and, after 
exhaufting, we could judge very cer- 
tainly that it funk below 20. In an- 
other experiment, made with the ni- 
trous aether, when the heat of the air 
was about 55 degrees, we fet the veffel 
containing the aether in another a little 
larger, containing water. Upon ex- 
haufting the receiver, and the veffel's 
remaining for a few minutes in vacuo, 

we found the moft part of the water 

frozen, 
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frozen, and the veffel containing the 
the aether furrounded with a thick and 

firm cruft of ice. 



Such a means of producing cold, 
and to fo great a degree, has not, fo 
far as I know, been obferved before j 
and it feerns to deferve being further 
examined by experiments. Till that 

is done, I do not chufe to give any ac- 
count of fome other remarkable pheno- 
mena that have occurred in the above 
experiments, nor to enter into the fe- 
veral fpeculations that the fubjeft feerns 

to fuggeft. 



Since writing the above, I have had 
occafion to obfervc, that Mr Richman,. 
of the academy of Peterfburgh, has 

taken notice of the effeft of evaporat- 
ing 
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ing fluids in producing cold ; but h<* 
does not impute it to the evaporation 

alone. His very exa& account of the 

phenomena, and his theory with regard 
to them, may be feen in Nov. Comment. 
Acad. PetropoHtana> ad ann. 1 747 & 
1748, page 284. 
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